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Abstract: Currently, fuel resources are depleting and this is increasing the 
demand for renewable energy sources. Most importantly, renewable energy sources do 
not cause any harm to the environment. Small hydropower plants are also included. 
For example, water going through a hydropower plant is not altered in any way and is 
available for agricultural use even after it had been used to generate electricity and the 
environment is not dependent on weather. 
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 Introduction. In accordance with the Decree of the President of the Republic of 
Uzbekistan dated May 26, 2017 No. 3012 “On the Program of Measures for the Further 
Development of Renewable Energy Sources for 2017–2021, Energy Efficiency in the 
Sectors of the Economy and Social Sphere” adopted, the program for the development 
of hydropower for 2017–2021 is provided for an increase in the production capacity of 
an environmentally friendly hydroelectric power plant in the country by 1.7 times by 
2025 due to the construction of 42 new hydropower plants and the modernization of 
32 operating hydroelectric power plants. 
In the new millennium, the demand for electric power is expected to increase more 
rapidly. Hydroelectric power plants using hydro potential of small rivers are becoming 
one of the key issues in the energy sector. Hydro energy is one of the most important 
renewable energy sources and the only source of energy that is currently cost-
competitive to fossil fuels. Small hydro power plants can provide clean electric energy 
and bring electricity to remote agricultural areas, which are not near transmission lines. 
This paper presents a small-scale hydropower system based on a permanent magnet 
synchronous generator (PMSG) and AC/AC power converter. The system can be used 
in agriculture for irrigation pumps, greenhouse heating and ventilation, and plant 
lighting. 
Hydropower is one of the oldest sources of energy known to mankind. Throughout 
the ages, the force of falling water has been an important source of power. At the end 
"Science and Education" Scientific Journal Volume 1 Issue 2
May 2020 236 www.openscience.uz
of the 19th century and the beginning of the 20th century, the primary objective in 
hydropower development was to utilize it for mechanical drives. Even today, 
hydropower remains an important source of electric power. Major efforts have been 
made in order to improve the equipment to meet increasingly complex requirements of 
large hydropower systems. Most today’s hydropower systems are large-scale and they 
unfortunately entail many environmental issues, such as large dams, detrimental 
impacts on wildlife habitats, fish migration, and water flow and quality. In addition, 
the present potential of most favourable large-scale hydropower locations is already 
exploited. Small hydropower stations are the key solution. Nowadays, a small-scale 
hydroelectric plant is one of the most costeffective energy technologies to be 
considered for providing clean electric energy and electricity to remote villages which 
are not near transmission lines. A small hydroelectric plant is, in most cases, run-of-
river. A dam is quite small, usually just a weir. Therefore, run-of-river hydropower 
stations do not have the same kinds of adverse effect on the environment as large-scale 
hydropower stations. This does not preclude the possibility of using small (mini) 
hydroelectric power as a source of energy for homes or farms. Water going through a 
hydropower plant is not altered in any way and is available for agricultural use even 
after it had been used to generate electricity. Additionally, electrical energy produced 
in this way can also be used for various agricultural purposes (irrigation pumps, 
greenhouse heating and ventilation, lighting plant lighting, etc.). There are other 
possibilities, like diesel generators, to produce electric power in remote areas, but fuel 
and maintenance in the long term increase the price, compared to small-scale 
hydropower. The current tendency in the field of small hydroelectric plants is to take 
advantage of existing flow patterns at a suitable site and avoid difficulties that could 
arise from altering the water use. The small hydropower plant can be integrated in 
water supplying systems or in existing irrigation channels. In addition to the 
importance of generating energy from clean and renewable sources, hydropower has 
even greater importance in the increased flow of drainage networks. Channel drainage 
networks are dimensioned for extreme phenomena in the exploitation, which are rare 
and most of the year they remain unused. Energy production includes hydro forced 
labour, and thus the increased flow. The motivation for this article is to present some 
principles for improving the efficiency of small-scale hydropower systems. 
Electrical energy is necessary for everyday operations of human society. Power 
stations and transmission lines are the main structure of the electric power system for 
power supply of end-users. But, the problem occurs when remote areas are not near 
public transition lines. Small hydropower plants can provide clean electric energy and 
electricity to remote agricultural areas which are not near transmission lines. 
Small-scale hydropower systems consist of these basic components:  
• Water channel (pipeline) – delivers the water,  
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• Turbine – transforms the energy of flowing water into mechanical energy,  
• Generator – transforms the mechanical energy into electricity,  
• Control – monitors the operation of the hydro system.  
Even though there are several ways to produce electrical energy from the moving 
water, run-of-the-river systems, which do not require large storage reservoirs or dams, 
are often used for small (micro) hydro systems. For run-of-the-river hydro systems, a 
portion of a river’s water is directed to a channel or pipeline that delivers it to a turbine. 
A channel or a pipeline is mainly plastic, concrete or steel. They are often placed 
aboveground (Small Hydropower Systems). Dams are rarely used in micro 
hydroelectric projects. Hydro turbines convert the energy from falling water into 
rotating shaft power. The moving water strikes the turbine blades that spin a shaft. 
There are two general types of turbines divided by their principle of operation: impulse 
and reaction. Impulse turbines have the least complex design and are most commonly 
used for high head hydro systems. They work on the principle of the velocity of water 
to move the turbine. The most common types of impulse turbines are the Pelton, the 
Turgo and the Crossflow. Reaction turbines are highly efficient turbines. They rely on 
water pressure. All blades of the reaction turbine maintain constant contact with the 
water. These turbines are often used in large-scale hydropower sites. In some cases the 
blades of the runner can also be adjusted. The most common types of reaction turbines 
are the Kaplan and the Francis. The selection of the turbine depends on the head and 
flow, and the desired running speed of the generator. An error at this step can decrease 
the cost-efficiency of the project (Small Hydro Power). The approximate ranges of 
head, flow and power applicable to different turbine types are showed in the chart 
Fig.1.1.1. 
 
Fig. 1.1.1. Head-flow ranges of small hydro turbines 
A significant factor in the comparison of different turbine types is their relative 
efficiency, both at their design point and at reduced flows. Typical efficiency curves 
are shown in Fig. 1.1.2. The variability of the flow is an important parameter and has 
great impact on the choice of turbine. Modern hydro turbines can convert as much as 
90 % of the available energy into electricity. The best fossil fuel plants are only about 
60 % efficient. 
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Fig. 1.1.2. Turbine efficiencies. 
There are two types of AC generators that can be used in small hydroelectric 
plants: asynchronous and synchronous machines. The asynchronous generator must 
normally be operated in conjunction with other generators or capacitors. They are 
generally best suited for small hydroelectric plants providing energy to a large existing 
electricity grid. The reasons for this are economic due to lower investment costs. The 
construction is simpler, when compared to synchronous generators, and asynchronous 
generators are lighter, cheaper and do not require synchronization or voltage controls 
(Small Hydro Power). The biggest drawback of the asynchronous generator is the 
lagging power factor because the machine is magnetized from the stator. This means 
that less power is available with a given current than for example with permanent 
magnet synchronous machines. If asynchronous generator operates in isolated 
electricity grid, capacitors are necessary. Synchronous generator can operate in isolated 
electricity grid and they are best suited for stand-alone small hydroelectric plants. The 
voltage is maintained by control of excitation of the synchronous generator and 
frequency is maintained by eliminating the mismatch between generation and load 
demand. The power can be controlled by controlling the flow of water being fed to the 
turbine in accordance with the load perturbations and thereby maintains the frequency 
of the system at the desired level. Small hydroelectric plants also include a speed 
increaser between turbine and the generator, hydraulic control system for turbines and 
valves, electrical protection and control system, etc. (Fig. 1.1.3) 
 
Fig.1.1.3. Power conversion scheme. 
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Many systems also use electronic power converters to achieve the required 
electric power quality. Some systems also use batteries to accumulate generated 
electricity, although batteries may not always be practical for hydropower systems. 
There is a simple equation that can be used to estimate the power output for a 
system. The theoretical power output is:  
P = Q ⋅ H ⋅η ⋅ 9.81 
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